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FOREWORD 


In-house technical support for the test program and report preparation was provided 
by members of the V/STOL Propulsion Branch, Directorate of Propulsion and Power Sub- 
systems Engineering of the Deputy for Engineering, under System 478A. The test report 
was prepared by Mr. Matthew Chopin, and the data presentation was prepared by Mr. Gerald 
Cafarelli. Test facilities were under the direction of Mr. Harold Schuetz of the Propulsion 
Branch of the Air Force Aero Propulsion Laboratory. This report covers work accomplished 
from July 1965 to November 1967, This report was submitted by the author 17 July 1969. 


For ease of handling and convenience for the reader, information on the test program is 
presented in two physical documents, ASD-TR-69-15, Part I, identified by the subtitle, 
"Summary," and ASD-TR-69-15, Part II. Test Data (APPENDIX III). 


The author wishes to express appreciation to the following persons: Major Alan Gay of 
the Directorate of Computation Services, Deputy for Engineering, for developing the com- 
puter program used for data reduction; to Mr. Charles Mitchell of the Aerodynamics Branch, 
Directorate of Airframe Subsystems, Deputy for Engineering, for his consultation and review 
of the draft report; and to Dr. Henry Velkoff of The Chio State University Mechanical Engi- 
neering Department for his consultation in support of this test program. 


Contractor technical support was provided by the XC-142A airframe manufacturer, 
Ling-Temco Vought Inc. , and propeller manvfacturers, Hamilton Standard Division of 
United Aircraft Corporation, and Curtiss-Wright Corporation. Appreciation is also extended 
to Canadair Limited, Montreal, Quebec, for permission to include information and data on 
the CL-84 propeller. 


This technical report has been reviewed and is approved. 


/ 
Mee: G, B 


Technical Director 
Directorate of Propulsion and Power 
Subsystems Engineering 
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ABSTRACT 


Part II of this report, ASD-TR-69-15, presents the reduced data obtained during an ex- 
tensive series of propeller static performance tests conducted on Electric Whirl Rig No. 4, 
located at Wright-Patterson Air Force Base, Ohio. The tests, conducted from July 1965 to 
November 1967, were run because of a static performance thrust deficiency encountered 
during flight tests of the XC-142A V/STOL Cargo Aircraft. 


Thirteen different propellers were used; 28 different configurations were obtained by 
changing parameters of some of the 13 blades. The reduced data for the 28 versions of 
propellers tested are presented herein. Parameters studied during the tests included blade 
cuff (on or off), tip shape, twist, activity factor, camber, and airfoil section. Data on 
several other static thrust propellers tested on Rigs Nos. 1 and 4, which were not a part 
of this test series, are also presented for additional information. 


Reduction of all data was performed in-house on the IBM-7094 Digital Computer located 
at Wright-Patterson Air Force Base, Ohio, using the general computer program described 
in ASD-TR-68-19, 'Computer Program for Reducing Static Propeller Test Data. '' 


The information obtained from the tests, in effect, represents a state-of-the-art 
study for improving propeller static performance for V/STOL aircraft applications. The 
information obtained during these tests can be used to more accurately predict static thrust 
for future propeller driven V/STOL aircraft. 
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LIST OF SYMBOLS, DEFINITIONS, AND COEFFICIENTS 


0 propeller diameter, teet 

R total blade radius, feet 

c radius alung blade, feet 

N propeller speed RPM (revolutions/ minute ) 

6 number of biades 

b blade width, feet 

h blade section moximum thickness , feet 

AF activity factor = 120,000" a 7 (4)° d (=) 


(The activity factor is a measure of a blades capacity 
for power absorption) 


TAF total activity factor, (BX AF/ blade) 


C\ blade section design lift coefficient 
(amount of camber of the blade saction) 


ne 10 ry\> r 
CL, integrated design lift coefficient af Cj, (z) d (=) 
B blade angle at %R, degrees 
J advance ratio = a A 
Vinph aircraft forward velocity or propeller inflow velocity=mph 
rotational tip speed, feet/second or ft/sec 
ft) speed of sound, ft/sec = 49.04 ./%Rankine 
© Rankine absolute temperature, 1.8 (°C +273.'6) 
M tim Mach No. = aN 

ip Mach No. = B00 
oc density ratio, P 

f 
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LIST OF SYMBOLS, DEFINITIONS, AND COEFFICIENTS (CONTD) 


p local density, Ib-sec*/ft* 
2 sea level standard density, Ib-sec® /ft* 
Hp corrected rig horsepower = test horsepower 
0.5 (685) 
Cp power coefficient = ; 7 
o(A-)” (2) 
1000 10 
Th corrected rig thrust , pounds = dest iheyst_ 
0.1515 (Wh 
Cr thrust coefficient = 3 
olde) = (B) 
1000 10 
C (1.8) 
F.M. figure of merit = 0.798 
Cp 
(a measure of static efficiency ) 
a Cr 
uy) propeller efficiency = ts J 
(forward flight) P 
AB blade twist =(B, =0.25 —B, =1.0) 
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SECTION I 


INTRODUCTION 


This Part II of ASD-TR-69-15 presents the reduced data obtained during an extensive 
series of propeller static performance whirl tests conducted on Electric Whirl Rig No. 4, 
located at Wright-Patterson Air Force Base, Ohio. Limited data on selected propellers, 
obtained on Rig No. 1, is also presented. 


The purpose of the testing was to obtain empirical data necessary to provide improved 
propeller static performance for the XC-142A V/STOL cargo transport. These tests and 
findings, along with complete blade characteristic sheets for each test blade configuration, 
are described in detail in ASD-TR-69-15; Propeller Static Performance Tests for V/STOL 
Aircraft, Part I; Summary. 


The tests consisted basically of static whirl tests of various propeller configurations 
and the measurement and recording of pertinent performance data, The data were reduced 
using the general computer program described in ASD-TR-69-19, "Computer Program for 
Reducing Static Propeller Test Data.'' Reduction of all data was performed in-house on the 
IBM-7094 Digital Computer. 


The program accepts static whirl rig test data (i.e. , test rpm and corrected horse- 
power and thrust data) at any given blade angle ( B ). The computer rapidly reduces the 
test data to pertinent propeller relationships such as power coefficient (Cp); thrust coef- 
ficient (Cy) ; C7/Cpi figure of merit (F. M.); thrust/horsepower (Th/Hp); and computes 
the corresponding propeller tip Mach number (*MACH). 


The computer then fits a running second degree polynomial, using the method of least 
squares, through six consecutive test data points (thrust or horsepower) that are equally 
distributed on either side of the desired smoothed (selected Mach number increment) data 
value. The routine then proceeds until smoothed horsepower and thrust curves are created 
for the entire array of evenly incremented Mach number values, Intermediate horsepower 
and thrust values are determined from the fitted curves at the selected Mach number incre- 
ments and all coefficients are recomputed using these derived inter 1ediate values. The 
reduced data are then presented in two forms: (1) coefficients computed from the actual 
test (or raw) data and (2) coefficients obtained from the fitted curves at specific constant 
tip Mach number increments. 
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A tip Mach number increment of 0. 025 from M = 0.525 to M = 1, 0 (or the last data point) 
was used, No extrapvlation of the data beyond actual test points was performed although data 
extrapolation is permitted in the program. It should be emphasized that the procedure used is 
essentially one of creating equal tabular entries through a smoothing rather than an interpo- 
lative procedure, 


It should be noted that the raw test data (HP and TH) presented for the following reduced 
data had been corrected to standard day conditions at the time the data was recorded. No cor- 
rections to standard day conditions are necessary or performed by the computer program, 
The value of "SIGMA" is provided for reference purposes only. 


The ranges of rpm and blade angle (@) used during the tests were determined by test 
objectives or by limitations of test hardware or test equipment, 

The data presented is organized in the following four basic sections: 

a, Rig 4, Phase I, Protective Walls Up 

b. Rig 4, Phase II, Protective Walls Down 

c. Rig 4, Phase III, Protective Walls Relocated 


d. Rig 1, Protective Walls Up 


It should be pointed out that the data runs are arranged in increasing order of the tested 
blade angle Beta (@). Therefore, the sequence of run numbers (which are generally in in- 
creasing order) are not used in organizing the data except where more than one run was 
made at any given blade angle (). 
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Data is presented for the following propeller configurations testsd as indicated below: 


PROPELLER 


2FE16A3-4A 
2FE16A3-4A (Tabs) 
2J17G3-26R 
156109A2P3 
2FF16A1-4A (30, 000 ft-lb shaft) 
2FF16A1-4A (15, 000 ft-lb shaft) 
SK59868-0 
SK59868-OR 
SK59868-12 
SK59868-12R 
SK59868-18 
SK59868-18R 

6903A-0 (34E60 Hub) 
6903A-0T (34E60 Hub) 
6903A-0 (43E60 Hub) 
1498A2P3 

47 x75 

47x91 

47 x 92 

47 x 33 

47 x 94 

47 x 95 

47 x 96 

47 x97 

47x 121 

47 x 138 

X65 SEJDR 
12166A10P3 
Calibrator 


X 
x 
x 
Xx 
x 
X 
xX 
x 
X 
x 
x 
x 
x 
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EXPLANATION OF PRINTOUT FORMAT 


The following is an explanation of the terms appearing on the computer printout. 


Line 1 
Computer Card Deck Title 
Line 2 


Propeller Identification, Blade, Date, Run Number, Wall Location, Miscellaneous 
Information. 


Line 3 


BETA - Test blade angle at 75% R (reference only) 

AF - Blade activity factor (reference only) 

DIA - Propeller diameter in feet 

NBL - Number of blades in hub (reference only) 

TEMPC - Ambient temperature in degrees Centigrade 
TEMPR - Absolute ambient temperature in degrees Rankine 
SIGMA - Density ratio (reference only) 


RAW DATA POINTS * * * * * 


RPM- Propeller rpm 

HP - Corrected horsepower 

TH ~ Corrected thrust 

TMACH - Propeller tip Mach number 

RCT - Raw thrust coefficient 

RCP - Raw power coefficient 

RCT/CP - Ratio of raw thrust coefficient to power coefficient 
RFM - Raw figure of merit 

RTH/HP - Ratio of raw thrust to horsepower 


FITTED CURVE DATA FOR CONSTANT MACH NUMBER INCREMENTS * * * * * 


MACH - Selected Mach number increment 

HP - Horsepower at Mach increment 

TH - Thrust at Mach increment 

TIPS - Propeller tip speed in ft/sec corresponding to Mach increment 
RPM - Propeller rpm at Mach increment 

CT - Thrust coefficient at Mach increment 

CP - Power coefficient at Mach increment 

CT/CP - Ratio of thrust coefficient to power coefficient at Mach increment 
FM - Figure of merit at Mach increment 

TH/HP - Ratio of thrust to horsepower at Mach incretuczut 
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PART II 
SECTION II 
DATA RUNS: RIG 4, PHASE I, 
PROTECTIVE WALLS UP 
(IN ORIGINAL POSITION) 

CONFIGURATION PAGE 
2FE16A3-4A 8 
2J17G3~26R 19 
156109A2P3 33 
SK59868-0 40 


CALIBRATOR 51 
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